Barbed end turnover with and without profilin. There are 9 reactions corresponding to the forward and reverse reactions for assembly of G-actin on barbed ends in the various nucleotide forms. An additional 9 reactions correspond to the addition of profilin-G-actin to barbed ends. The forward rate is simple mass action, where the nucleotide form of the end becomes the same nucleotide form of F-actin and the new end takes on the nucleotide form of the G-actin (or profilin-G-actin) reactant. The reverse (dissociation) rate expression was described extensively in the Result section of the paper, primarily because of the formulation required for the probability of finding in a nucleotide form in the penultimate position. The reversible dissociation of profilin from profilincapped barbed ends comprises and additional 3 reactions. All of the rate constants are for mammalian non-muscle actin (1).
Pointed end turnover. There are 9 reactions corresponding to the forward and reverse reactions for assembly of G-actin on pointed ends in the various nucleotide forms. The same formulation for the dissociation rate as was described in detail in the paper for barbed ends, was also adopted for the pointed ends. The rate constants are from rabbit skeletal muscle actin (2). Aging: ATP hydrolysis followed by Pi dissociation. All G-actin and F-actin ATP-bound species can undergo irreversible hydrolysis to the ADP-Pi form followed by reversible dissociation of the ADP-Pi to the ADP form plus inorganic phosphate. We assume a cellular concentration of 2mM Pi. Rate constants for hydrolysis of G-actin-ATP and F-actin-ATP(3) and for dissociation of actin-ADP-Pi (4, 5) are from rabbit skeletal muscle.
Profilin binding and ADP/ATP exchange. Rate constants and mass action kinetic expressions for the reversible association of nucleotides with G-actin, association of nucleotides with G-actinprofilin, and the binding of profilin to G-actin as well as the nucleotide forms of G-actin are derived from experiments on mammalian non-muscle actin (6) . We assumed a cellular concentration of 2mM Pi, 10mM ATP and 2mM ADP.
Thymosin-β4 buffering. Rate constants for the reversible association of thymosin-ß4 to ADP-Gactin (7), ATP-G-actin and ADPPi-G-actin (8) were derived from experiments on rabbit skeletal muscle actin and mouse spleen thymosin-ß4; the dissociation of the ADP-form of the buffered complex is a factor of 100 faster that the ATP or ADPPi forms.
Annealing and fragmentation. The complex rate expressions for annealing and fragmentation (treated as forward and reverse reactions) were derived from combined experimental and modeling studies on rabbit skeletal muscle (9, 10) that expressed the length dependence for these rates based on theory derived from the polymer physics of rod-shaped molecules. The forward reaction (i.e. annealing), which has a rate that is inversely dependent on the average length, is multiplied in our rate expression with an additional factor (1-BrF) that restricts annealing to only that fraction of the filaments that are free to diffuse (i.e, independent of the dendritic network). There are 9 such forward reactions, accounting for the annealing of pointed ends with barbed ends, each in the 3 possible nucleotide forms. The fragmentation reactions, which have both a linear and a quadratic dependence on length, were only considered for the 3 cases where the nascent ends were in the same nucleotide form; the rationale for this approximation is that the progressive aging of actin within a filament would make it most probable to find a given nucleotide form adjacent to a similar neighbor.
Barbed end capping. The high affinity, but reversible bind of capping protein to barbed ends has a reported dissociation constant that varies from 0.1nm to 100nm, depending on the origin of the protein and whether the estimate is based on in vitro or in vivo experiments, as discussed by Schafer et al. (11) . We used an intermediate value of 1 nM and tested a range of capping protein concentrations as indicated in the main body of the paper.
Cofilin cooperative binding, severing, and enhanced Pi release. As discussed extensively in the Discussion section of the paper, the mechanism of action of cofilin is still controversial. We used data from 2 in vitro studies of rabbit skeletal muscle actin and cofilin from mammalian sources (12, 13) . These studies propose coffin reversibly binding cooperatively to adjacent subunits of ADP-Factin and also accelerating the release of Pi from ADPPI-F-actin. The cooperative addition of cofilin to an ADP-F-actin subunit adjacent to a cofilin-bound subunit is modeled as the product of the concentration of free cofilin with the cofilin already bound; to assure that there are still sufficient free ADP-F-actin sites to accommodate additional cofilin, this forward rate is also multiplied by [1 -exp( -(FAD/ N))], where N is the concentration of filaments. Only 2 (designated CofFAD2) or more (accounted for with the species CofFADcounter) adjacent subunits with cofilin bound can sever; this produces ADP-bound pointed and barbed ends and 2 free cofilin molecules.
Arp2/3 dissociation and branch aging. Combinatorially, the aging of a branch comprises 12 separate reactions; specifically, the fundamental pair of reactions (ATP hydrolysis followed by Pi dissociation) is distributed among 3 Arp2/3-capped pointed ends, corresponding to the three nucleotide forms of the subunit comprising the branch on the mother filament and, separately, among 3 mother filament branch points, corresponding to the 3 nucleotide forms of the Arp2/3-capped pointed ends. The rate constants for these aging reactions use the same sources as those described above (3, 4, 5) . The dissociation rates of branches from mother filaments to expose uncapped pointed ends are derived from experiments on rabbit skeletal muscle actin and bovine non-muscle Arp2/3 (14) , where, importantly, the dissociation rate from ADP-F-actin mother filaments is 4 times faster than the dissociation of branches at ATP-or ADPPi-F-actin subunits on mother filaments. Arp2/3 activation and side branching. As discussed in the main text of this paper, all of the above mechanisms were combined with 2 alternative mechanisms for Arp2/3 activation and side branching to generate completely separate models:
1. The first module for the Arp2/3 activation and branching (shown at the left of Fig. 1 and detailed at the bottom of supplementary Table 2 ) breaks these mechanisms down into their individual biochemical steps (15) . Additionally, the stoichiometry for formation of an activated branch requires just 1 G-actin instead of 2 in the alternate mechanism. To minimize the combinatorial complexity, we only allow ATP-G-actin (free or profilin-bound) to participate in the formation of the active branch. This produces 3 polymerization-ready active branches, corresponding to the 3 nucleotide forms of the branched subunit on the mother filament. The final step is then addition of another G-actin (which we allow to be in any nucleotide form and also bound to profilin) to produce a barbed end. These parameters are derived from rabbit skeletal muscle actin and Arp2/3 from Acanthamoeba in a combined experimental and modeling study (15) , which also consolidated data from prior literature (3, 4, 16, 17) . In addition, we explicitly included the reversible binding of inactive Arp2/3 to Factin (14) . This implementation of Arp2/3 activation and branching is combined with the rest of the model in a BioModel entitled "Actin Dendritic Nucleation_Detailed Branching"; all the non-spatial simulations corresponding to Figures 2 and 3 were derived from this BioModel. 2. The alternative model uses a reduced mechanism based on a modeling paper by Carlsson (18) in which the activated Arp2/3 associated with the membrane recruits 2 G-actins (or profilin-G-actins) and binds to the side of a mother filament all in one step to produce a branch and a free barbed end. To minimize the combinatoric complexity, we only allow ATP-G-actin or profilin-ATP-G-actin to participate in this branching reaction, although we do permit the branch to form at any of the nucleotide forms of the mother filament subunits (total of 6 reactions). The recruitment of Arp2/3 to the membrane and its activation is achieved by a membrane-bound nucleation promotion factor that we have denoted "ActiveNWASP" and proceeds according to the kinetics described by Marchand et al. (16) , who used rabbit skeletal muscle actin, bovine thymus Arp2/3 and recombinant human WASP. This mechanism together with the previous mechanisms comprise the reaction network within the Virtual Cell BioModel "Actin Dendritic Nucleation" used to generate Supplementary Fig. 2 . Supplementary Figure 2 , which corresponds to Figure 3 in the main paper, shows that the patterns of responses to varying levels of cofilin and capping protein are preserved. This reduced mechanism provided a significant improvement in computational efficiency and permitted us to implement full 3D spatial simulations. Therefore, it was used to generate the MathModel "Actin Advection and Diffusion" that produced the simulations shown in Figures 5 and 6 .
